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The subject of this thesis was to observe the short-circuit currents at electrical distribution 
boards. The purpose was to investigate different methods of protecting switchgears from 
damages caused by short-circuit currents. Manufactures of switchgears need to indicate the 
rated short-circuit withstand current of their assembly. This thesis is presenting methods of 
defining the right value of the short-circuit withstand current. 
 
This thesis presents theoretical information about the cause of short-circuit current and its 
impact on switchgears. Calculation methods and network calculation software were studied 
to help determine the magnitude of such short-circuit currents. The principle of current-limit-
ing and methods for limiting the magnitude of short-circuit currents were studied. Protective 
devices like circuit breakers and fuses were studied. Also safeguard methods achieved by se-
lectivity or back-up protection were explored.  
 
Based on the theoretical outcome a practical example was presented with calculated results, 
which shows the process and complexity of determining the short-circuit withstand current 
rating of a switchgear. In addition, the company got comprehensive information about the 
concept of short-circuit current rating.  
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LIST OF ABREVIATIONS 
Un rated voltage 
In rated current 
InA rated current of an assembly 
Icc rated short-circuit current 
Icp prospective short-circuit current 
Icw rated acceptable short-circuit current 
Ip peak short-circuit current 
Ipk rated peak withstand current 
Ik = Ic steady-state short-circuit current; the r.m.s. value of the symmetrical a.c. component of a prospec-
tive short-circuit current persisting after all transient phenomena have died away 
Ik” initial symmetrical short-circuit current; the r.m.s. value of the symmetrical a.c. component of a pro-
spective short-circuit current at the instant the short circuit occurs if the short-circuit impedance re-
tains its value at time zero 
Ik’ transient short-circuit current 
Sk” initial symmetrical (apparent) short-circuit power; a fictitious quantity calculated as the product of 
initial symmetrical short-circuit current Ik”, nominal system voltage Un and the factor√3 
RDF Rated diversity factor 
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1 INTRODUCTION 
 
The aim of the thesis is to determine the effect of short-circuit currents at low voltage switchgears 
and how to determine the proper dimension of the installed devices, equipment and busbars. A 
proper protection against the consequences of a short-circuit is one of the most fundamental safety 
measures for electrical equipment. It is important to minimize the effects in order to protect persons 
and the material. For operational reasons it is often desirable that devices survive short-circuits 
largely unscathed so that they may become operational again as quickly as possible afterward. 
(Rockwell Automation, 2016, p. 37) 
 
This thesis is done in cooperation with E Avenue Oy. The idea of this project came from the fact 
that several times there have appeared problems with short-circuit current sustainability regulations 
for low voltage switchgears. The company is missing clear guidelines for “short-circuit current rat-
ing” (SCCR) or also referred to as “short-circuit current withstand rating”. Having such guidelines 
would enable E Avenue Oy to design their switchgear in a more cost efficient way within the stand-
ard limits and help their customers to rate the correct short-circuit current. The company’s desire 
would be to have a tool where the needed short-circuit current rating could be calculated quickly 
and then compared with the values demanded by the potential customer. 
 
The purpose of the work is to get familiar with the theory of short-circuit currents, the possible 
cause, magnitude, development and its effect on switchgears. An example of short-circuit current 
calculation is shown as well as methods of limiting short-circuit currents by protective devices and 
further how to ensure possible low impact on electrical networks by coordinating these protective 
devices by methods of selectivity and back-up protection 
 
Network analysis software is introduced, which helps to quickly calculate the short-circuit current at 
different points of a network and it suggests suitable protective measures.  
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2 E AVENUE OY 
 
E Avenue Oy is one of the largest manufacturers of power distribution boards under 1000V in Fin-
land. The company employs around 150 people and has production facilities at four locations in 
Iisalmi, Ikaalinen, Kerava and Kuopio. The turnover is around EUR 15 million. The company is 
owned by five private individuals. (E Avenue Oy, 2015) 
 
 
2.1 History 
 
E Avenue Oy came into existence in 2004 as the result of a merger between two competing manu-
facturers of electricity distribution boards, Ikaalisten Keskussähkö Oy and Kuopion Kojeisto Oy. Both 
companies had a history of about 20 years. Ikaalisten Keskussähkö was founded towards the end of 
1992 and Kuopion Kojeisto at the beginning of 1993. Each of E Avenue's production facilities spe-
cialises in its own manufacturing sector, working in collaboration with one another. (E Avenue Oy, 
2015) 
 
 
2.2 Products 
 
The power distributions boards manufactured are among the very best in the industry. The safety 
and quality of the products are the cornerstones of the operations. All of the products are of FI-cer-
tified quality. Only the best components from renowned manufacturers that can also be found from 
the wholesalers' assortments are used. The customers will be able to get all the distribution boards 
they need from a single manufacturer, from standard apartment building boards to 8500A industrial 
switchgear assemblies. (E Avenue Oy, 2015) 
 
The different branches have following specialisations: 
 The Iisalmi branch specialises in the serial production of small control and power panels. It 
also provides software solutions to meet the needs of machinery and equipment manufac-
turers. 
 The Ikaalinen and Kerava branches specialise in distribution boards for public buildings. 
 The Kuopio branch specialises in heavy-duty industrial switchgears for customers in Finland 
and abroad. (E Avenue Oy, 2015) 
 
E Avenue is and will be at the leading edge of its field that the competitors seek to emulate. Thanks 
to their high capacity and substantial expertise, they are able to provide customers with faster, bet-
ter and more comprehensive service. (E Avenue Oy, 2015) 
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2.3 Quality, environment and corporate responsibility 
 
E Avenue Oy is widely recognised as a manufacturer of high-quality power distribution boards. All 
operations are conducted in compliance with the ISO 9001:2008 quality management system. The 
Kuopio facility has been certified by SGS. (E Avenue Oy, 2015) 
 
 
2.3.1 ISO 14001 
 
Environmental values are also duly taken into account. E Avenue has an ISO 14001:2001-compliant 
environment system in place. The Kuopio facility has been certified by SGS. (E Avenue Oy, 2015) 
 
 
2.3.2 PYR-Label 
 
The recovery of packaging materials is taken care of through an agreement concluded with the En-
vironmental Register of Packaging PYR Ltd. (E Avenue Oy, 2015) 
 
 
2.3.3 Reliable partner 
 
The fulfilment of all statutory social obligations is self-evident. E Avenue Oy participates in the Relia-
ble Partner programme maintained by Suomen Tilaajavastuu Oy. (E Avenue Oy, 2015) 
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3 STANDARDS 
 
All switchgears build by E Avenue Oy comply with the Finnish standard organisation SFS (Suomen 
Standardisoimisliitto SFS ry. Figure 1 shows an example label of a switchgear with its standard certi-
fication. 
 
SFS is a member of the International Organization for Standardization (ISO) and the European Com-
mittee for Standardization (CEN). The majority of SFS standards are based on international or Euro-
pean standards. (SFS, 2016) 
 
In Finland standards are published often as a bilingual print in English and Finnish. For example, 
SFS-EN 61439. These standards comply with the International Electrotechnical Commission (IEC) 
therefore this paper refers to IEC standards as well as SFS-EN standards. 
 
 
FIGURE 1. Switchgear certifications. (E Avenue Oy, 2015) 
 
 
3.1 Switchgear manufacturing demanded standards 
 
“Switchgear short-circuit current withstands are described in the IEC 61439-1 Low-voltage switch-
gear and controlgear assemblies - Part 1: General rules. This part of the IEC 61439 series lays down 
the definitions and states the service conditions, construction requirements, technical characteristics 
and verification requirements for low-voltage switchgear and controlgear assemblies. This standard 
cannot be used alone to specify an assembly or used for a purpose of determining conformity. AS-
SEMBLIES shall comply with the relevant part of the IEC 61439 series; Parts 2 onwards. This stand-
ard applies to low-voltage switchgear and controlgear assemblies only when required by the rele-
vant assembly standard as follows:” (IEC61439-1, 2009, p. 12) 
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–  “assemblies for which the rated voltage does not exceed 1 000 V in case of a.c. or 
1500 V in case of d.c.; 
– stationary or movable assemblies with or without enclosure; 
– assemblies intended for use in connection with the generation, transmission, distribution 
and conversion of electric energy, and for the control of electric energy consuming equip-
ment; 
– assemblies designed for use under special service conditions, for example in ships and in 
rail vehicles provided that the other relevant specific requirements are complied with; 
– NOTE: 2 Supplementary requirements for assemblies in ships are covered by IEC 60092-
302. 
– assemblies designed for electrical equipment of machines provided that the other relevant 
specific requirements are complied with. 
– NOTE: 3 Supplementary requirements for assemblies forming part of a machine are cov-
ered by the IEC 60204 series.” (IEC61439-1, 2009, p. 12) 
 
“This standard applies to all assemblies whether they are designed, manufactured and verified on a 
one-off basis or fully standardised and manufactured in quantity. The manufacture and/or assembly 
may be carried out by other than by the original manufacturer. This standard does not apply to indi-
vidual devices and self-contained components, such as motor starters, fuse switches, electronic 
equipment, etc. which will comply with the relevant product standards.” (IEC61439-1, 2009, p. 12) 
 
The IEC 61439 series, is structured into following parts: 
– IEC 61439-1: General rules 
– IEC 61439-2: Power switchgear and controlgear assemblies 
– IEC 61439-3: Distribution boards 
– IEC 61439-4: Assemblies for construction sites 
– IEC 61439-5: Assemblies for power distribution 
– IEC 61439-6: Busbar trunking systems 
 
Short-circuit calculation for three phase electrical systems are defined in the standard series IEC-
60909-0, 60909-1, 60909-2, 60909-3 and 60909-4. These different parts are listed below. 
 
“IEC 60909-0, Short-circuit currents in three-phase a.c. systems – Part 0: Calculation of currents is 
applicable to the calculation of short-circuit currents in low-voltage three-phase a.c. systems and in 
high-voltage three-phase a.c. systems operating at a nominal frequency of 50 Hz or 60 Hz.” 
(IEC60909-0, 2001, p. 13) 
 
“IEC TR 60909-1, Short-circuit currents in three-phase a.c. systems – Part 1: Factors for the calcula-
tion of short-circuit currents according to IEC 60909-0. This technical report aims at showing the 
origin and the application, as far as necessary, of the factors used to meet the demands of technical 
precision and simplicity when calculating short-circuit currents according to IEC 60909-0.” 
(IEC60909-1, 2002, p. 15) 
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“EC TR 60909-2, Short-circuit currents in three-phase a.c. systems - Part 2: Data of electrical equip-
ment for short-circuit current calculations. IEC 60909-2 comprises data of electrical equipment col-
lected from different countries to be used when necessary for the calculation of short-circuit cur-
rents in accordance with IEC 60909-0.” (IEC60909-2, 2008, p. 6) 
 
“EC 60909-3:2009/COR1:2013, Corrigendum 1 - Short-circuit currents in three-phase AC systems - 
Part 3: Currents during two separate simultaneous line-to-earth short circuits and partial short-cir-
cuit currents flowing through earth.” (IEC60909-3, 2009) 
 
“IEC/TR 60909-4:2000, Short-circuit currents in three-phase a.c. systems - Part 4: Examples for the 
calculation of short-circuit currents This part of IEC 60909 is a technical report intended to give help 
for the application of IEC 60909-0 for the calculation of short-circuit currents in 50 Hz or 60 Hz 
three-phase a.c. systems.” (IEC60909-4, 2000, p. 11) 
 
“IEC 60865-1, Short-circuit currents – Calculation of effects – Part 1: Definitions and calculation 
methods. This International Standard is applicable to the mechanical and thermal effects of short-
circuit currents. It contains standardized procedures for the calculation of the effects of the short-
circuit currents in two sections as follows: – Section 2 - The electromagnetic effect on rigid conduc-
tors and flexible conductors. - Section 3 - The thermal effect on bare conductors and electrical 
equipment.” (IEC60865-1, 1993, p. 9) 
 
 
3.2 Switchgear appearing current ratings 
 
3.2.1 Rated current (In) 
 
The rated current is “the current value declared by the assembly manufacturer taking into consider-
ation the ratings of the components, their disposition and application, which can be carried without 
the temperature-rise of various parts of the assembly exceeding specified limits under specified con-
ditions.” (IEC61439-1, 2009, s. 26) 
 
 
3.2.2 Rated current of the assembly (InA) 
 
The rated current of the assembly is “the smaller of the sum of the rated currents of the incoming 
circuits within the assembly operated in parallel and the total current which the main busbar is capa-
ble of distributing in the particular assembly arrangement.” (IEC61439-1, 2009, p. 29) 
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3.2.3 Rated current of a circuit (Inc) 
 
The rated current of a circuit is “stated by the assembly manufacturer, taking into consideration the 
ratings of the devices within the circuit, their disposition and application. This current shall be car-
ried without the temperature rise of the various parts of the assembly exceeding the limits specified 
in IEC 61439-1 § 9.2. when the circuit is loaded alone.” (IEC61439-1, 2009, p. 30) 
 
 
3.2.4 Rated peak withstand current (Ipk) 
 
The rated peak withstand current is the “peak value of the short-circuit current, declared by the as-
sembly manufacturer, that can be withstood under specified conditions. The rated peak withstand 
current shall be equal to or higher than the values stated for the peak value of the prospective 
short-circuit current of the supply system(s) to which the circuit(s) is (are) designed to be con-
nected.” (IEC61439-1, 2009, p. 30)  
 
 
3.2.5 Rated short-time withstand current (Icw) (of a circuit of an assembly) 
 
The rated short-time witstand current is “the r.m.s value of short-time current, declared by the as-
sembly manufacturer that can be carried without damage under specified conditions, defined in 
terms of a current and time. The rated short-time withstand current shall be equal to or higher than 
the prospective r.m.s. value of the short-circuit current at each point of connection to the supply. 
Different values of Icw for different durations (e.g. 0,2 s; 1 s; 3 s) may be assigned to an assembly. 
For a.c., the value of the current is the r.m.s. value of the a.c. component.” (IEC61439-1, 2009, p. 
30) 
 
 
3.2.6 Rated conditional short-circuit current of an assembly (Icc) 
 
The rated conditional short-circuit current of an assemply is “the value of the prospective short-cir-
cuit current, declared by the assembly manufacturer, that can be withstood for the total operating 
time (clearing time) of the short-circuit protective device (SCPD) under specified conditions. The 
rated conditional short-circuit current shall be equal to or higher than the prospective r.m.s. value of 
short-circuit current (Icp) for a duration limited by the operation of the short-circuit protective device 
that protects the assembly.” (IEC61439-1, 2009, p. 30) 
 
 
3.2.7 Rated diversity factor (RDF) 
 
The rated diversity factor is the “per unit value of the rated current, assigned by the assembly man-
ufacturer, to which outgoing circuits of an assembly can be continuously and simultaneously loaded 
taking into account the mutual thermal influences.” (IEC61439-1, 2009, p. 30) 
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3.2.8 Cut-off current ID 
 
“The cut-off current is the largest instantaneous value of the current that a current limiting short-
circuit protective device allows through. As the action of the force of the electrical current is propor-
tional to the square of the current, the cut-off current is critical in ensuring the required mechanical 
strength of connected electrical equipment. This is particularly relevant for the design of bus sys-
tems (number and strength of the supports). IEC 60439 takes this circumstance into account by dis-
pensing from the requirement of verification of the short-circuit withstand capacity for cut-off cur-
rents ≤ 17 kA.” (Rockwell Automation, 2016) 
 
 
3.2.9 Joule integral I2t 
 
“The I2t-value is a measure of the thermal loading of the electrical equipment in the shorted circuit. 
Fuses and current limiting circuit breakers limit the short-circuit current to values significantly below 
those of the uninfluenced current and thus reduce the thermal loading of the devices in the shorted 
circuit, for example of the contact system of a contactor connected downstream. The rule of thumb 
is that the joule integral of the short-circuit protective device must be smaller than the permissible 
I2t-value of the conductor and of the electrical equipment to be protected.” (Rockwell Automation, 
2016) 
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4 SHORT-CIRCUIT - THEORETICAL BACKGROUND 
 
According to IEC 60909 ‘Short-circuit currents in three-phase a.c. systems’ the definition of short 
circuit is an “accidental or intentional conductive path between two or more conductive parts forcing 
the electric potential differences between these conductive parts to be equal or close to zero.” 
(IEC60909-0, 2001, p. 17) 
 
Like the calculation for the load power of a circuit, the calculation of the short-circuit current is very 
important when planning electrical distribution networks. Short-circuits can occur because of isola-
tion faults like an insulation breakdown, aging of the insulation material or continual stress on the 
insulating materials. The currents occurring during short circuits are usually repeatedly higher than 
the rated currents for which a particular network was designed. These short-circuit currents evoke 
the strongest strains in resources. Therefore, all components in a network must be able to withstand 
these kind of faults so that they are not damaged by the short-circuit currents. Hereby it is im-
portant to take into account the amounts of short-circuit currents and also the heat generated in the 
ohmic resistances. The requirement for a safe and economical design is the most accurate 
knowledge of the temporal current curves in the event of an error, because only then the proper 
security measures can be taken, namely the right choice of overcurrent protection devices which are 
used in case of failure of the automatic shutoff of the power supply. 
 
 
4.1 Different types of short-circuit 
 
Various types of short-circuits can occur in an electrical installation. These types of different short-
circuits can be divided into four categories. These different short-circuit currents are presented in 
Figure 2. 
 
• Phase-to-earth short-circuit, which occurs in 80% of faults 
• Phase-to-phase short-circuit, which occurs in 15% of faults. This type of fault often degen-
erates into a three phase short-circuit fault 
• Three-phase short-circuit, which made up 5% of initial faults (Schneider Electric, 2009, p. 6) 
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FIGURE 2. Different types of short circuit and their currents. (Schneider Electric, 2009, p. 6) 
 
 
4.2 Development of the short-circuit currents 
 
A simplified network comprises a source of constant AC power, a switch, an impedance Zk that rep-
resents all the impedances upstream of the switch, and a load impedance (see Figure 3). 
 
 
FIGURE 3. Simplified network diagram. (Alam & Saif, 2014, p. 9) 
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When a fault occurs between A and B, the impedance between these points results in a very high 
short-circuit current Ik that is limited only be impedance Zk. The current Ik develops under transient 
conditions depending on the reactances X and the resistances R that make up impedance Zk. 
 
22 XRZk −=     (1) 
 
In power distribution networks, reactance X is normally much greater than resistance R and the R / 
X ratio is between 0.1 and 0.3 (see Figure 9). The ratio is virtually equals cos φ for low values: 
 
22
cos
XR
R
+
=ϕ     (2) 
 
However, the transient conditions prevailing while the short-circuit current develops differ depending 
on the distance between the fault location and the generator. This distance is not necessarily physi-
cal, but means that the generator impedances are less than the impedance of the elements between 
the generator and the fault location. (Schneider Electric, 2009) 
 
 
4.3 Characteristics of short-circuit currents 
 
A complete calculation of short-circuit currents should give the currents as a function of time at the 
short-circuit location from the initiation of the short circuit up to its end, corresponding to the in-
stantaneous value of the voltage at the beginning of the short circuit (Figure 4 and Figure 5). 
(IEC60909-0, 2001, p. 31)  
 
As mentioned above, while observing the characteristic of the short-circuit currents a distinction has 
to be made between the fault far from the generator and the fault near the generator. Figure 4 
shows the schematic diagram of a short-circuit current far from the generator, which is the most 
frequent situation. Throughout the course of a short circuit the voltage is constant and a nearly con-
stant alternating current portion appears.  
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FIGURE 4. Short-circuit current of a far-from-generator short circuit with constant a.c. component. 
(IEC60909-0, 2001, p. 31) 
 
 
If the fault is near the generator the voltage and / or the alternating current are decaying during the 
short-circuit course (Figure 5). 
 
 
FIGURE 5. Short-circuit current of a near-to-generator short circuit with constant a.c. component. 
(IEC60909-0, 2001, p. 33) 
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Since short-circuit is a dynamic process, the short circuit can be divided into multiple periods of 
time. The Subtransient short-circuit current Ik” (initial symmetrical short-circuit current), subsides 
within 3 to 6 seconds and goes into transient short-circuit current Ik’. A few seconds later short-cir-
cuit current reaches its steady state. Therefore, it is called steady-state short circuit current Ik (see 
Figure 6). 
 
 
FIGURE 6. Stages of short-circuit current as function of time. (Else Engineering, 2016) 
 
 
4.3.1 Maximum short-circuit current 
 
When creating the design for the rating of equipment and what it can withstand, the main criterion 
is the maximum short-circuit current. It will limit the equipment as to how much thermal and elec-
tromagnetic (mechanical) effects it can resist without breaking. (Nilsson, 2010, p. 3) 
 
Additionally, it is needed to determine the breaking and making capacity of the circuit breakers. 
“The maximum short-circuit current corresponds to the short-circuit in the immediate vicinity of the 
downstream terminals of the protection device. It must be calculated accurately and used with a 
safety margin.” (Schneider Electric, 2009, p. 4) 
 
“When calculating maximum short-circuit currents with IEC 60909-0 a few different conditions have 
to be introduced: 
• A voltage factor Cmax will be applied for the maximum calculation. 
• The configuration that gives the maximum contributions from power plants and network 
feeders, which leads to the highest short-circuit current at the short circuit location, should 
be used. 
• When external networks are to be represented by the equivalent impedance, the minimum 
equivalent impedance shall be used which corresponds to the maximum short-circuit current 
contribution from the feeders. 
• In the most cases, motors are included in the calculations. The resistances of all the lines in 
the system are introduced at a temperature of 20°C.” (IEC60909-0, 2001, p. 46) 
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4.3.2 Minimum short-circuit current 
 
“The minimum short-circuit current is essential when selecting the time-current curve for circuit 
breakers and fuses, and in particular, when cables are long and/or the source impedance is rela-
tively high (generators, UPSs). The protection of life depends on the circuit breaker or fuse opera-
tion.” (Schneider Electric, 2009, p. 4) 
 
“When calculating minimum short-circuit currents with IEC 60909-0 a few different conditions have 
to be met: 
• A voltage factor Cmin is applied for the minimum calculation. 
• The system configuration that leads to the minimum short-circuit current at the location of 
the fault has to be chosen. 
• All motors can be neglected. 
• Lines are introduced at a higher temperature” (IEC60909-0, 2001, p. 47) 
 
 
4.3.3 Prospective short circuit current 
 
The prospective short circuit current (PSCC) or available fault current or short circuit making current 
is the highest electric current which can exist in a particular electrical system under short-circuit 
conditions. It is determined by the voltage and impedance of the supply system. 
 
 
4.3.4 Thermal equivalent short-circuit current (Ith) 
 
For a proper rating of power conductors and equipment the thermal effects of short-circuit currents 
have to be considered. In the majority of cases in practice the three phase short-circuit currents 
have the highest magnitudes and produce the most pronounced thermal stresses. Therefore, the 
impacts of such faults are usually considered as relevant for thermal sizing. (Stojanovic, 2012, p. 1)  
 
The short-circuit currents root-mean-square value (r.m.s), or effective value, is not a constant value. 
Its value is changing during the short-circuit time. Therefore, a so called average effective value for 
the thermal short-circuit current Ith is set. This means that the thermal energy generated during 1 s 
of the effective constant short-circuit current is equal to that of the real short-circuit during the 
same time. In other words, the time of the short-circuit current is so short that for calculation pur-
poses the constant effective value of the short-circuit current can be applied. The thermal equivalent 
short-time current is calculated from the initial short-circuit current Ik” by using: 
 
tnmII kth ⋅+⋅=
"
    (3) 
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The factors m and n represent the heat dissipation of the d.c. component and the a.c. component of 
the short-circuit current (Schlabbach, 2005). Suitable ranges of values for m and n are outlined in 
Figure 7 and Figure 8 where Tk indicates the short-circuit duration. 
 
 
FIGURE 7. Factor n for the calculation of thermal short-time current (heat dissipation of a.c. 
 component). (Schlabbach, 2005, p. 197) 
 
 
 
FIGURE 8. Factor m for the calculation of thermal short-time current (heat dissipation of d.c.  
 component). (Schlabbach, 2005, p. 198) 
 
In distribution networks under 110 kV following factors for the heat dissipation apply: m ≈ 0 and     
n ≈ 1. This simplifies Equation 3 to: 
 
tII ks
"
1 =      (4) 
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Where I1s is the average effective short-circuit current and Ik” is the short-circuit currents initial 
value, t is the short-circuit duration in seconds. 
 
As mentioned the switchgear assembly thermal withstand, which is in principle the rated withstand 
current Icw, is usually stated for 1 s. The short circuit-current can be also calculated for longer time 
intervals if it is measured for a short time and the joule integral I2t is constant. This based on the 
fact that for a longer time the heat has time to move in the conductor away from the critical point. 
Therefore, to make calculations more practical the following Equation can be used: 
 
tII ks ⋅=⋅
22
1 s1     (5) 
 
If a switchboard has a rated short-time withstand current (Icw) for a time different than 1 s it has to 
be indicated on the nameplate. Optionally rated short-time withstand current can be calculated for a 
value of 1 s. 
 
Example: 
The withstand short-circuit current of a mainboard is rated at Icw = 21 kA for the time of 0,02 s. For 
the nameplate the value for 1 s is needed. 
 
s02,0s1 221 ⋅=⋅ cws II  
kA30,02kA2102,01 =⋅=⋅= cws II   (6) 
 
“For times up to a maximum of 3 s, the relationship between the rated short-time current and the 
associated duration is given by the formula I2t = constant, provided that the peak value does not 
exceed the rated peak withstand current. (IEC61439-1, 2009, s. 52) 
 
 
4.3.5 Peak short-circuit current (Ip) 
 
The largest temporary value of the short-circuit current is the peak short-circuit current. Ip has to be 
calculated to determine the making capacity of the required circuit breakers and to define the elec-
trodynamic forces that the installation as a whole must be capable of withstanding. For three-phase 
short circuits fed from non-meshed networks the contribution to the peak short-circuit current from 
each branch can be expressed by Equation 7. 
 
"2 kp II ⋅⋅= κ     (7) 
 
where the coefficient κ  is indicated by the curve in Figure 9, as a function of the ratio R / X, corre-
sponding to the expression: 
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X
R
e
⋅−
⋅+=
3
98,002,1κ     (8) 
 
where 
R = short-circuit resistance 
X = short-circuit reactance 
 
For low voltage networks it can be assumed that κ =1,44 which leads to Equation 9 
 
"2 kp II ⋅≈      (9) 
 
This maximum instantaneous value must be used when calculating the mechanic forces of the short-
circuit current. 
 
 
FIGURE 9. Variation of coefficient κ depending on R / X. (Schneider Electric, 2009, p. 8) 
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5 CALCULATIONS 
 
5.1 One-phase short-circuit current calculation 
 
The short-circuit current can be determining by the one-phase short-circuit current calculation 
method. This value is important when determining the circuit breaker and for designing selectivity. 
Hereby it must be distinguished between the minimum short-circuit current and the maximum short-
circuit current depending on the voltage factor c. In low voltage systems, where the voltage is be-
tween 100 V and 1000 V AC, the voltage factor c for the minimum short-circuit is 0,95 and for the 
maximum short-circuit the voltage factor c is 1,05 (see Table 1). 
 
In Finland, providing the network is a grounded low-voltage network, the one-phase short-circuit 
current is calculated for the minimum short-circuit current. Since the fuse or circuit breaker have to 
interrupt the circuit at the minimal possible short-circuit current in order to protect the following 
components properly. For the calculation the following formula is used: 
 
( )( ) ( )( )20002001 32232
395,0
xxxlXXrrlRR
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I
jjmmjmm
v
k
++++++++
⋅⋅
=    (10) 
 
where 
Uv = phase voltage 
Rm = transformer short-circuit resistance 
Rm0 = transformer neutral resistance 
rj = phase conductor resistance 
r0 = neutral conductor resistance 
Xm = transformer short-circuit reactance 
Xm0 = transformer neutral reactance 
xj = phase conductor reactance 
xj0 = phase conductor neutral resistance 
x0 = neutral conductor reactance 
l = conductor length 
0,95 = voltage factor c (minimum short-circuit)  
 
 
5.2 Standardised short-circuit current calculations 
 
“The calculation of the short-circuit current involves the representation of the entire power system 
impedances from the point of the short-circuit back to and including the source(s) of the short-cir-
cuit current. The value of the impedance depends on the short-circuit ratings for the devices or 
equipment under consideration.” (Alam & Saif, 2014, p. 10) 
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“After all the components in the fault loop are represented with their corresponding impedance, the 
actual short-circuit computation is very simple. The standards propose a number of methods. The 
application guide C 15-105, which supplements NF C 15-100 (Normes Françaises) (low-voltage AC 
installations), details three methods.” (Alam & Saif, 2014, p. 10) 
 
1) The Impedance Method 
2) The Composition Method 
3) The Conventional Method 
 
For the purpose of this study only the first two Methods are considered. 
 
“To simplify the short-circuit calculations, a number of assumptions are required. These impose lim-
its for which the calculations are valid but usually provide good approximations the facilitating com-
prehension of the physical phenomena and consequently the short-circuit current calculations. They 
nevertheless maintain a fully acceptable level of accuracy, “erring” systematically on the conserva-
tive side. The assumptions used in this document are as follows:” (Schneider Electric, 2009, p. 11) 
 
– “The given network is radial with nominal voltages ranging from LV to HV, but not exceed-
ing 550 kV, the limit set by standard IEC 60909 
– The short-circuit current, during a three-phase short-circuit, is assumed to occur simultane-
ously on all three phases 
– During the short-circuit, the number of phases involved does not change, i.e. a three-phase 
fault remains three-phase and a phase-to-earth fault remains phase-to-earth 
– For the entire duration of the short-circuit, the voltages responsible for the flow of the cur-
rent and the short-circuit impedance do not change significantly 
– Transformer regulators or tap-changers are assumed to be set to a main position (if the 
short-circuit occurs away far from the generator, the actual position of the transformer reg-
ulator or tap-changers does not need to be taken into account 
– Arc resistances are not taken into account 
– All line capacitances are neglected 
– Load currents are neglected 
– All zero-sequence impedances are taken into account” (Schneider Electric, 2009, p. 11) 
 
 
5.3 Calculation of short-circuit current by the impedance method 
 
The impedance method, reserved primarily for LV networks, was selected for its high degree of ac-
curacy and its instructive value, given that virtually all characteristics of the circuit are taken into 
account.” (Schneider Electric, 2009, p. 11)  
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The calculation of the three- phase short-circuit current requires only the calculation of Zk, the im-
pedance equal to all the impedances through which Ik flows from the generator to the location of 
the fault, i.e. the impedances of the power sources and the lines. (Schneider Electric, 2009, p. 12) 
 
The initial symmetrical three-phase short-circuit current Ik” can be calculated using Equation 11 with 
the equivalent voltage source /√3 at the short-circuit location and the short-circuit impedance 
Zk=Rk+jXk 
 
22
"
33 kk
n
k
n
k
XR
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Z
cUI
+⋅
==    (11) 
 
where 
c = voltage factor according to IEC 60909-0 (Table 1) 
Un = supplying network voltage (equivalent voltage source) 
Zk = short-circuit impedance at short-circuit location 
 
The short-circuit impedance (Zk) at fault location is stated at Equation 12 
 
22 )X(X)R(RZ kikkikk +++=    (12) 
 
where 
Rk = supplying network and transformer short-circuit resistance 
Rk = supplying network and transformer short-circuit reactance 
Rki = conductor resistance from supply point to fault point 
Xki = conductor reactance from supply point to fault point 
 
Table 1. Voltage factor c according to IEC 60909-0. (Schlabbach 2005, 71) 
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5.4 Calculating short-circuit current using the “composition method” 
 
“The “composition method” is used when the characteristics of the power supply are not known. 
The upstream impedance of the given circuit is calculated on the basis of an estimate of the short-
circuit current at its origin. Power factor cos φ = R / X is assumed to be identical at the origin of the 
circuit and the fault location. In other words, it is assumed that the elementary impedances of two 
successive sections in the installation are sufficiently similar in their characteristics to justify the re-
placement of vector addition of the impedances by algebraic addition. This approximation may be 
used to calculate the value of the short-circuit current modulus with sufficient accuracy for the addi-
tion of a circuit.” (Alam & Saif, 2014, p. 13) 
 
The short-circuit power is the maximum power that the network can provide to an installation dur-
ing a fault. It depends directly on the network configuration and the impedance of its components 
through which the short-circuit current passes. The short-circuit power Sk, in a fault point (or an as-
sumed fault point) can be calculated by: (Alam & Saif, 2014, p. 13) 
 
kk IUS ⋅⋅= 3     (13) 
 
where U = normal line voltage before the short-circuit occurs and Ik = the short-circuit current when 
the fault has occurred. This means that the short-circuit power implies that Sk is invariable at a 
given point in the system regardless of the voltage. The advantage with this concept is that it is a 
mathematical quantity that makes the calculation of short-circuit currents easier. (Alam & Saif, 
2014, p. 14) 
 
The short-circuit power of a specific network part is defined as the short-circuit power that is devel-
oped in a device according to Equation 13 if the device is fed by an infinite powerful net (that is a 
generator with internal impedance = 0) with line voltage U, and the short-circuit occurs at the ter-
minals of the device. Since the impedance of a given device, such as a transmission line or trans-
former is usually known, the following Equation applies: 
 
k
k Z
US
2
=      (14) 
 
Equation 14 can calculate the part short-circuit power for a device if the impedance Zk is known or 
its impedance can be calculated if the part short-circuit power is known. The process of using the 
"composition method" method is very similar to the “impedance method”, here the vector quantity 
of the short-circuit power for each component in the system are calculated separately and added 
together to calculate the total short-circuit power Sk. 
 
Like impedance the short-circuit power is calculated depending on their arrangement in the network. 
Consider the following example network as shown in Figure 10: 
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FIGURE 10. Schematic diagram of a simple transmission system. (Alam & Saif, 2014, p. 14) 
 
The vector representation of the total short-circuit power at point P is: 
 
jQPS kn +=     (15) 
 
where ϕcos⋅= knSP  and ϕsin⋅= knSQ  
 
The different parts Skn and SkL1 are now in series so the total short-circuit power at point A is: 
 
1
111
kLknkA SSS
+=     (16) 
 
The total short-circuit power of the two parallel transformers T1 (SkT1) and T2 (SkT2) is: 
 
21 kTkTkB SSS +=     (17) 
 
The total short-circuit power at point B is: 
 
kTkAkB SSS
111
+=     (18) 
 
again SkA and SkT are in series 
 
When the short-circuit power is determined, the corresponding short-circuit current can be calcu-
lated by the following Equation: 
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⋅
⋅
=     (19) 
 
where 1,1 is the voltage factor c according to Table 1 for the maximum short-circuit current. 
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6 SHORT-CIRCUIT CURRENT LIMITING 
 
Many large commercial and industrial electrical systems have enormous amounts of available fault 
current. Overcurrent devices with high enough interrupting ratings to deal with huge levels of avail-
able fault current are very expensive. It is much more practical to reduce the level of available fault 
current at a device, rather than buy overcurrent devices with high interrupting ratings that can han-
dle the fault currents. (JADE Learning, 2016) 
 
Depending on the power factor and when the fault occurs, the maximum possible instantaneous 
peak current without current limitation can be 2.3 times the available r.m.s. fault current when the 
fault occurs. As shown in Figure 11, “if a current limiting fuse is used, the maximum instantaneous 
peak current is limited to a small fraction of the peak current that could possibly flow if the fuse 
were not used. The current-limiting fuse link melts and clears the circuit in less than 0.0083 
seconds. The area under the curve is known as the l2t let-through energy of the fuse. The lower the 
l2t is, the lower the destructive energy is that passes through the circuit before it is interrupted.” 
(Littelfuse, 2009, p. 4) 
 
 
FIGURE 11. Current Limitation and Peak Let-through. (Littelfuse, 2009, p. 4) 
 
Current limitation reduces both thermal and electrodynamic stresses on all circuit elements through 
which the current passes, thereby prolonging the useful life of these elements. Furthermore, the 
limitation feature allows “cascading” techniques to be used (Coordination between circuit-breakers) 
thereby significantly reducing design and installation costs. (Electrical Installation Wiki Schneider 
Electric, 2015) 
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6.1 Short-circuit current limiting circuit breaker 
 
The current limiting circuit breaker has the ability, in case of a fault, to prevent the passage of the 
maximum prospective fault-current, permitting only a limited amount of current to flow, as shown in 
Figure 12. Loading in the event of a short-circuit is defined by the joule integral (I2t value), the cut-
off current (ID) and the short-time current (Icw). 
 
 
 
FIGURE 12. Basic characteristic of current and voltage when clearing a short-circuit with a current 
limiting circuit breaker. (Rockwell Automation, 2016, p. 38) 
 
The use of current-limiting circuit breakers offers numerous advantages: 
• Better conservation of installation networks: current-limiting CBs strongly attenuate all 
harmful effects associated with short-circuit currents 
• Reduction of thermal effects: Conductors (and therefore insulation) heating is significantly 
reduced, so that the life of cables is correspondingly increased 
• Reduction of mechanical effects: forces due to electromagnetic repulsion are lower, with 
less risk of deformation and possible rupture, excessive burning of contacts, etc. 
• Reduction of electromagnetic-interference effects and therefore less influence on measuring 
instruments and associated circuits, telecommunication systems, etc. (Electrical Installation 
Wiki Schneider Electric, 2015) 
 
 
 
 
 
 
 
 
 
 
          
         32 (75) 
Figure 13 shows the current limiting capability of a ABB Tmax Moulded Case Circuit Breakers. 
 
 
FIGURE 13. ABB T4 250/320 Let-through energy curve. (ABB, 2015, p. 153)  
 
 
6.2 Short-circuit current limiting fuse 
 
In practice, current-limiting fuses are used to protect circuits feeding transformers, motors and 
other equipment where overloads and inrush currents are common. The most common type of fuse 
in low voltage networks are the NH fuses, due to their affordability, safety, selectivity and good cur-
rent limiting capability. NH stands for the German words Niederspannung, Hochleistung (low volt-
age, heavy duty). NH fuses are typically used for power distribution applications and to protect large 
electrical devices such as motors and drives. 
 
NH fuses have knife blades at both ends which mount into one or three pole fuse basis/holder. The 
main parts of the NH fuse are the ceramic case, silica sand and the fuse element (See Figure 14). 
The fuses excellent current-limiting capability is based on the rapid growing arc resistance where 
the silica sand is limiting the arc energy arising. 
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FIGURE 14. NH fuse. (Siemens, 2014, p. 19)  
 
 
6.3 Current-Limiting Fuse Let-Through Charts 
 
“The degree of current-limitation of a given size and type of fuse depends, in general, upon the 
available short-circuit current that can be delivered by the electrical system. The current-limitation 
of fuses is best described in the form of a let-through chart that, when applied from a practical point 
of view, is useful to determine the let-through currents when a fuse opens.” (Bussmann, 2013) 
 
“The let-through data has been generated by actual short-circuit tests of current-limiting fuses. It is 
important to understand how the curves are generated, and what circuit parameters affect the let-
through curve data. Typically, there are three circuit parameters that can affect fuse let-through 
performance for a given available short-circuit current. These are: 1. Short-circuit power factor, 2. 
Short-circuit closing angle and 3. Applied voltage.” (Bussmann, 2013) 
 
“Current-limiting fuse let-through curves are generated under worst case conditions, based on these 
three variable parameters. The benefit to the user is a conservative resultant let-through current. 
Under actual field conditions, changing any one or a combination of these will result in lower let-
through currents. This provides for an additional degree of reliability when applying fuses for equip-
ment protection. Prior to using the fuse let-through charts, it must be determined what let-through 
data is pertinent to equipment withstand ratings. Equipment withstand ratings can be described as: 
How much fault current can the equipment handle, and for how long? Based on standards presently 
available, the most important data that can be obtained from the Fuse Let Through Charts and their 
physical effects are the following:” (Bussmann, 2013) 
 
A. Peak let-through current: mechanical forces (49 kA in Figure 15) 
B. Apparent prospective r.m.s. symmetrical let-through current: heating effect (21 kA in 
    Figure 15) 
C. Clearing time: less than 1⁄2 cycle when fuse is in it’s current-limiting range (beyond 
where fuse curve intersects A-B line in Figure 15) 
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“If the RMS Symmetrical available is greater than the point where the fuse characteristic curve inter-
sects with the diagonal A-B line, then the fuse clearing time is 1 ⁄2 cycle or less. In the example of 
Figure 15, the intersection is approximately 9500A; so for short-circuit currents above approximately 
9500A, this KRP-C-800SP fuse is current-limiting.” (Bussmann, 2013) 
 
Figure 15 shows the current-limitation curves of an 800 A Cooper Bussmann Low-Peak Time-Delay 
Fuse KRP-C-800SP. 
 
 
FIGURE 15. Current-limiting let-through chart for a KRP-C-800SP fuse. (Bussmann, 2013, p. 2) 
 
 
6.4 Current-limiting transformers 
 
Transformers set not only the rated current on the secondary side they can also reduce the short-
circuit current based on their rated power SN and their impedance zk (%) and the secondary voltage. 
The short-circuit current (Equation 21) can be calculated from the transformer impedance and sec-
ondary voltage (Equation 20). 
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Alternatively, calculation can be done through rated current. 
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Hence, the short-circuit current. 
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N
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z
I
I =      (23) 
 
Manufactures state the rated power of a transformer. Tables with default ratings for transformers 
are available such as the Table 2 below. 
 
TABLE 2. Determination of the rated values of an assembly. (SFS Käsikirja 154, 2005, p. 333)  
Sn / kVA  In / A  Zk / %  Icw/ kA  
  400 V 500 V 690 V  400 V 500 V 690 V 
100 140 110 80 3,8 4 3 2 
200 280 220 160 4 7 6 4 
315 440 350 260 4,5 10 8 6 
500 700 550 410 5 14 11 8 
800 1130 880 650 5,5 21 16 12 
1000 1410 1100 810 5,5 26 20 15 
1250 1760 1380 1020 5,5 32 25 19 
1600 2250 1760 1300 5,5 41 32 24 
2000 2820 2200 1630 6 47 37 27 
2500 3520 2750 2030 6 59 46 34 
3150 4440 3460 2560 7 63 50 37 
4000     3250 7     47 
 
 
 
6.5 Short-circuit switching capacity 
 
The switching capacity is the r.m.s value of a current at a given power factor cos φ as well as a 
given rated voltage at which a switchgear or a fuse can still shut-off under specified conditions in an 
operationally safe way. Both the short-circuit making capacity as well as the short-circuit breaking 
capacity of circuit breakers must be larger than or equal to the prospective short-circuit current at 
the place of installation. If this is not the case, then a suitable backup protection (for example a 
fuse) should be provided to ensure the required switching capacity of the device combination. 
(Rockwell Automation, 2016, p. 42)  
 
 
  
          
         36 (75) 
6.5.1 Rated short-circuit making capacity Icm 
 
The rated short-circuit making capacity Icm is a quantity that according to regulations must be in a 
certain ratio to the rated ultimate short-circuit breaking capacity Icu and that has to be guaranteed 
by the device manufacturer. This is not a variable that must be considered by the user, however, it 
ensures that a circuit breaker is in the position to connect onto a short-circuit – and to disconnect it 
subsequently. (Rockwell Automation, 2016, p. 42) 
 
 
6.5.2 Rated short-circuit breaking capacity Icu and Ics 
 
IEC 60947-2 makes the distinction between the rated ultimate short-circuit breaking capacity Icu and 
the rated service short-circuit breaking capacity Ics: 
 
Rated ultimate short-circuit breaking capacity Icu: 
Icu is the maximum breaking capacity of a circuit breaker at an associated rated operational voltage 
and under specified conditions. Icu is expressed in kA and must be at least as large as the prospec-
tive short-circuit current at the site of installation. Circuit breakers that have switched-off at the level 
of the ultimate short-circuit breaking capacity, are reduced serviceable afterwards and should at 
least be checked regarding functionality. There may be changes in the overload trip characteristic 
and increased temperature rise due to the erosion of contact material. (Rockwell Automation, 2016, 
p. 42) 
 
Rated service short-circuit interrupting capacity Ics: 
Ics values are usually lower than the values for Icu. Circuit breakers that have been switching-off at 
the level of the service short-circuit breaking capacity continue to be serviceable afterward. In plants 
in which interruptions to operations must be kept as short as possible, product selection should be 
carried-out based on Ics. (Rockwell Automation, 2016, p. 43) 
 
The same applies to fuses as to circuit breakers with respect to the Icu: at the given rated opera-
tional voltage, the rated breaking capacity must be at least as large as the prospective short-circuit 
current at the site of installation. (Rockwell Automation, 2016, p. 43) 
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7 PROTECTIVE DEVICE COORDINATION 
 
“The coordination of protective devices within the assembly with those to be used external to the 
assembly shall be the subject of an agreement between the assembly manufacturer and the user. 
Information given in the assembly manufacturer's catalogue may take the place of such an agree-
ment.” (IEC61439-1, 2009, p. 52)  
 
“If the operating conditions require maximum continuity of supply, the settings or selection of the 
short-circuit protective devices within the assembly should, where possible, be so coordinated that a 
short circuit occurring in any outgoing circuit is cleared by the switching device installed in the cir-
cuit without affecting the other outgoing circuits, thus ensuring selectivity of the protective system.” 
(IEC61439-1, 2009, p. 52) 
 
“Where short-circuit protective devices are connected in series and are intended to operate simulta-
neously to reach the required short-circuit switching capability (i.e. back-up protection), the assem-
bly Manufacturer shall inform the User (e.g. by a warning label in the assembly or in the operating 
instructions) that none of the protective devices are allowed to be replaced by another device which 
is not of identical type and rating, since the switching capability of the whole combination may oth-
erwise be compromised.” (IEC61439-1, 2009, p. 53) 
 
“The switching devices and components having a short-circuit withstand strength and/or a breaking 
capacity which is insufficient to withstand the stresses likely to occur at the place of installation, 
shall be protected by means of current-limiting protective devices, for example fuses or circuit-
breakers. When selecting current-limiting protective devices for built-in switching devices, account 
shall be taken of the maximum permissible values specified by the device manufacturer, having due 
regard to coordination.” (IEC61439-1, 2009, p. 53) 
 
 
7.1 Selectivity 
 
Selectivity, according to IEC 60947-2, means that in the case of a fault only the overcurrent protec-
tion device closest to the fault location interrupts the current, and upstream protection devices do 
not trip. In this respect, there is a requirement that the time/current curves of two selectively func-
tioning switching devices do not touch or intersect. Distinctions are made in practice between cur-
rent, time and zone selectivity (signal controlled selectivity). (ABB, 2008, p. 26)  
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Figure 16 shows the basic schematic of selectivity. 
 
 
FIGURE 16. Schematic of selectivity. (Eaton, 2015, p. 12)  
 
 
7.1.1 Selectivity categories 
 
Standard IEC 60947-2 describes two categories of breakers with selectivity category A and B 
(see Figure 17). 
 
a) Selectivity category A is used for breakers installed on the load side, which typically do 
not have any intentional short-time delay. The short-time withstand current is not taken into 
account. 
b) Selectivity category B is specifically intended for incoming breakers (on the supply side) 
under short-circuit conditions. Such breakers must have the possibility of a short-time delay 
and also specify a minimum value short-time withstand current rating according to stand-
ard. 
Selectivity is not necessarily ensured up to the ultimate short-circuit breaking capacity Icu of the cir-
cuit breakers but at least up to the specified values of Icw. (Eaton, 2015, p. 23) 
 
 
FIGURE 17. Selectivity category A and B circuit-breakers. (Eaton, 2015, p. 23) 
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7.1.2 Current selectivity 
 
This type of selectivity is based on the observation that the closer the fault point is to the power 
supply of the installation, the higher the short-circuit current is. It is therefore possible to discrimi-
nate the zone the fault occurred in by setting the instantaneous protections to different current val-
ues. (ABB, 2015, p. 8)  
 
An overcurrent selectivity can be divided into total or partial selectivity: 
a) Total selectivity (full, natural) is the optimal solution, but with respect to conditions of real 
installation, it can only by achieved in specific situations. Firstly, it is necessary to use protective 
devices with different frame sizes, tripping characteristics and also to take into account the 
value of the fault current at the end of installation, which should not be so high. In typical appli-
cations, it is necessary to evaluate several parameters together, which often oppose each other. 
Total selectivity is ensured up to the value of the short-circuit current of the installation. (Eaton, 
2015, p. 12) 
 
Figure 18 shows an example with two different frame sizes circuit breakers. Such combination en-
sures total selectivity up to the value of the breaking capacity Icu of the downstream breaker num-
ber 2. (Eaton, 2015, p. 12) 
 
 
FIGURE 18. Total selectivity between two circuit breakers. (Eaton, 2015, p. 12) 
 
b) Partial selectivity between several protection devices in series is often more than enough to 
obtain. In all cases it is necessary to know the value of the prospective short circuit current in 
the respective node of the installation and to compare it with the value of the selectivity limit 
current Is of the two protective devices in series. If this is fulfilled, partial selectivity is good 
enough to reduce unwanted trips. (Eaton, 2015, p. 12) 
 
Figure 19 shows en example with two circuit breakers with the same frame sizes and similartrip ping 
time. 
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FIGURE 19. Partial selectivity up to selectivity limit current (Is). (Eaton, 2015, p. 13) 
 
 
7.1.3 Time selectivity 
 
The protective device on the power supply side (upstream) uses a time delay tsd to prevent tripping 
of the breaker for that specified time for currents up to the short-time delay current Isd. This gives 
the downstream breaker the chance to clear the fault and ensure selectivity of the installation. If the 
fault is between the upstream and downstream breakers, respectively, the upstream breaker trips 
after that time delay has passed. Time selectivity can be easily applied with use of selective break-
ers with electronic trip units (selectivity category B) where a time delay is adjustable in exactly spec-
ified steps. (Eaton, 2015, p. 24) 
 
Figure 20 shows an example of time selectivity. Here are two circuit breakers with the same frame 
size, and the upstream breaker with short time delay (selectivity category B). Such combination en-
sures partial selectivity. 
 
 
FIGURE 20. Time selectivity. (Eaton, 2015, p. 24) 
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7.1.4 Zone selectivity 
 
Circuit breakers with zone sequence interlocking (ZSI) significantly reduce incident energy levels by 
communication between the trip units of upstream and downstream breakers. When a short-circuit 
current is detected, a ZSI-equipped breaker sends a signal to the upstream breaker which blocks 
tripping for a specified time. If the breaker itself does not receive a blocking signal it will trip accord-
ing to its settings without additional delay. This ensures that always the breaker closest upstream to 
the fault trips and interrupts in the shortest possible time reducing let-through energy of the short-
circuit current as much as possible. Wiring for ZSI is easy and straight forward using the clearly 
marked terminals of the trip units. 
 
The advantage of the zone selectivity feature compared to ordinary time selectivity is significantly 
reduced time until switch-off and reduced amount of let-through energy released in the event of a 
short-circuit. (Eaton, 2015, p. 25) 
 
Figure 21 shows a diagram of Zone Sequence Interlocking (ZSI) between circuit breakers. 
 
 
FIGURE 21. Diagram of Zone Sequence Interlocking (ZSI) between ACBs. (Eaton, 2015, p. 25) 
 
 
7.1.5 Selectivity between fuses 
 
Selectivity between fuses connected in series is achieved when the melting time of the upstream 
fuse is greater than the OFF time of the fuse at the fault location. Selective protection is easy to 
achieve with fuses because their melting time / current characteristic curves run practically parallel 
to each other across the entire current range and do not overlap (Figure 22). (Siemens, 2014, p. 57)  
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FIGURE 22. Selective protection in a radial network. (Siemens, 2014, p. 57) 
 
 
7.1.6 Selectivity between fuses and circuit breakers 
 
Like fuses, circuit breakers trip after a particular length of time depending on the current. This cor-
relation is represented in time/current characteristic curves and enables selectivity analyses with 
fuses. In simple terms, the tripping curve of a circuit breaker comprises a vertical branch for the 
tripping current and a horizontal branch that corresponds to a constant tripping time. The fuse char-
acteristic curve runs almost diagonally because it falls continuously in line with a constant melting 
integral even at very high currents. Depending on the relative position of the characteristic curves, 
interfaces that mark the selectivity limits can occur. (Siemens, 2014, p. 58) 
 
Figure 23 shows two types of fuse circuit breaker combinations. 
 
a) An upstream fuse with downstream MCB is a typical combination used in residential 
installations and provides partial selectivity up to selectivity-limit current Is (Figure 23, the 
right side). 
 
b) An upstream MCB with downstream fuse usually ensures total selectivity but this 
combination is not used so often (Figure 23, left side). 
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FIGURE 23. Selectivity between fuse and circuit breaker. (Eaton, 2015, p. 18) 
 
 
7.1.7 Selectivity table 
 
The selectivity behaviour of breaker combinations is given by selectivity tables and published by the 
manufacturer. Figure 24 gives an example how to read a selectivity table. 
 
 
FIGURE 24. How to use selectivity tables. (Eaton, 2015, p. 26) 
 
 
7.2 Backup protection 
 
In cases where the available short-circuit current level exceeds the short-circuit rating Icu of the 
downstream breaker a current-limiting upstream breaker can be used to ensure proper protection of 
the installation. The take-over current IB of the upstream breaker, i.e. the current at which the up-
stream breaker starts to trip must not be larger than Icu of the downstream breaker in order for that 
back-up protection providing breaker to ensure protection for all possible short-circuit currents. 
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While back-up protection enhances the protection level of the downstream breakers it can also com-
promise selectivity since the upstream breaker is permitted to open and disconnect its complete 
downstream installation. (Eaton, 2015, p. 28) 
 
Figure 25 illustrations two examples of how to accomplish back-up protection 
 
 
FIGURE 25. Back-up protection with fuses and circuit breakers. (Eaton, 2015, p. 28) 
 
A typical combination of downstream MCBs together with upstream current limiting types of MCCBs 
provides a very good and cost-effective solution. (Eaton, 2015, p. 28) 
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8 SWITCHGEAR SHORT-CIRCUIT CURRENT WITHSTAND RATING 
 
The short-circuit withstand capacity of electrical equipment is usually defined by stating the largest 
permitted short-circuit protective device (for example permissible fuse or permissible circuit 
breaker). Current limiting fuses and modern current limiting circuit breakers make a major contribu-
tion to the economical rating of devices, as they strongly reduce the thermal and dynamic loading of 
devices and equipment connected downstream. (Rockwell Automation, 2016, p. 37) 
 
 
8.1 Short-circuit impact on switchgear 
 
Short-circuits stresses the switchgear mechanical through the dynamical forces of the short-circuit 
current at the beginning of the current fault and thermal since the high energy produced by the 
short-circuit power is dissipated into head. Normally the thermal short-circuit current is not a prob-
lem. The cables and busbars are dimensioned based on the load current so that they can withstand 
for a short period of time the short-circuit current without a rise in temperature which would lead to 
destruction. 
 
Therefore, the electrodynamic stress on the switchgear is the important factor when determining 
the short-circuit current withstand. The dynamic short-circuit current forces can stress the busbars 
and their fixations significant. They have to withstand the highest possible short-circuit current with-
out lasting stain or break of the fixations. Especially the oscillation of the busbars can cause to break 
the flanges and fixations. The short-circuit current withstand of the busbars can be obtained by cal-
culation. In addition, manufactures provide data tables for their different kind of busbars. Whereas 
the short-circuit current withstand of the fixations can be only stated by tests. 
 
 
8.2 Short-circuit current rating (SCCR) 
 
“Short-circuit current rating (SCCR) is the maximum short-circuit current a component or assembly 
can safely withstand when protected by a specific overcurrent protective device(s) or for a specified 
time.” (Bussmann, 2013) 
 
“Short-circuit current ratings provide the level of fault current that a component or a piece of equip-
ment can safely withstand (based on a fire and shock hazard external to the enclosure). Without 
knowing the available fault current and short-circuit current rating, it is impossible to determine if 
components or equipment can be safely installed.” (Bussmann, 2013) 
 
Individual panel components have an SCCR or interrupting rating. The component with the lowest 
SCCR in the panel limits the overall panel assembly rating. This SCCR rating has to be displayed on 
the nameplate and is usually calculated by the manufacturer or assembler of the control panel. 
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The short-circuit current magnitude is determined either by computation or by measurement. For 
new applications, the measurement cannot be done before preparation of the switchgear, nor is it 
always possible to relay on measurement of older installations. The manufacturer often does not 
know the switchgears future operating conditions (feeding transformer, type and length of cable 
network, change of conductor resistance caused by the temperature change, additional power to 
the grid, caused by motors, etc.) 
 
“It is the responsibility of the consulting or electrical design engineer to verify that all industrial con-
trol panels are applied in a manner such that the panel’s SCCR is greater than the system’s available 
fault current. It is the responsibility of the industrial control panel manufacturer to provide accurate 
SCCR information to the consulting engineer and authority having jurisdiction through required la-
bels and published technical information.” (Littelfuse, 2009, p. 2)  
 
 
8.3 Determining the rated short-time withstand current (Icw) of a circuit of an assembly 
 
The original manufacturer of the switchgear system, is responsible for the verification of the short 
circuit withstand capacity of the system components, e.g. the Icw value of the busbars.  
Rated short-circuit withstand current is determined by the values Ik", Icw, Icp, Icu. (Hensel, 2015) 
 
“A verification of the short-circuit withstand strength is not required for the following: 
1) assemblies having a rated short-time withstand current or rated conditional short-circuit cur-
rent not exceeding 10 kA r.m.s. 
2) assemblies protected by current-limiting devices having a cut-off current not exceeding 17 
kA at the maximum allowable prospective short-circuit current at the terminals of the incom-
ing circuit of the assemblies. 
3) Auxiliary circuits of assemblies intended to be connected to transformers whose rated power 
does not exceed 10 kVA for a rated secondary voltage of not less than 110 V, or 
1,6 kVA for a rated secondary voltage less than 110 V, and whose short-circuit impedance is 
not less than 4 %. 
All other circuits shall be verified.” (IEC61439-1, 2009, p. 73)  
 
The following example based on the network in Figure 26 shows how to determine the short-time 
withstand current Icw. 
 
 
FIGURE 26. Path of the short-circuit current from the transformer to the short-circuit. (Hensel, 
2015) 
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Step 1: Determining the transformer power and determining the value Ik"  
 
The Ik" can be determined by reading TABLE 3 or by using Equation 24. Hence the initial short-cir-
cuit current of the transformer is 9,025 kA. 
 
TABLE 3. Transformer values. (Hensel, 2015) 
 
 
kN
N
k
uU
S
I
⋅⋅
⋅
=
3
100
"     (24) 
 
 
Step 2: Determining the rated short-time withstand current Icw of the main distribution board (MDB) 
 
The device with the lowest rated short-time withstand current Icw installed in the main distribution 
board is the 400 A busbar with 15 kA (Table 4).  
 
TABLE 4. MDB installed devices. (Hensel, 2015) 
 
 
The rated short-time withstand current Icw of the MDB must be equal to or greater than the initial 
short-circuit current Ik" of the transformer: 
 
In this case the Icw (MDB) = 15 kA ≥ Ik" (transformer) = 9,025 kA.  
 
In this analysis, the cable attenuation between the transformer and MDB is not considered. The ca-
ble attenuation can mean a reduction of the initial short-circuit current Ik". The prospective short-
circuit current Icp at the installation site of the MDB is smaller because of the cable attenuation than 
Ik" of the transformer. (Hensel, 2015) 
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Step 3: Determining the rated short-time withstand current Icw of the sub-distribution board (SDB)  
 
The device with the lowest rated short-time withstand current Icw installed in the main distribution 
board is the 250 A busbar with 15 kA (Table 5).  
 
TABLE 5. SDB installed devices. (Hensel, 2015) 
 
 
Icp is the prospective short-circuit current at the installation site of the assembly at the incoming ter-
minals. It (Icp) is calculated from transformer and cable data (length, cross section). Here, the cable 
attenuation due to distance and associated cable length between the transformer and sub-distribu-
tion board (SDB) is considered. The cable attenuation reduces the Ik" of the transformer. 
 
Icw(UV) ≥ Icw(HV) > Icp ≥ Ik" (transformer) 
 
If a calculation is not possible, Icp = Ik" can be assumed. 
 
The rated short-time withstand current (Icw) must satisfy the following requirements: 
 
Icw(UV) ≥ Icp(UV)  
 
The rated short-time withstand current (Icw) of the sub-distribution board is determined the same 
way as for the main distribution board. The respectively lowest value of the devices also determines 
the maximum rated short-circuit withstand current Icw of the sub-distribution board. The panel 
builder must specify this value in the documentation of the assembly! (Hensel, 2015) 
 
Asuming the bus bar short-circuit withstand current Icw in the SDB installion is less than 9,025 kA 
the SDB installion would not stand a fault currrent and therfore not qualify for SCCR of 9,025 kA. 
 
Comparing these example with the simulation done by ABB eDesign DOC (Figure 28) reveals that 
the example stands, except that the short-circuit current rating of the busbar in SDB is calucated 
with 9,87 kA. Still it is higher than the short-circuit current rating of the transformer. Figure 27 
shows the short-ciruit current of the busbar in SDB. 
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FIGURE 27. Short-circuit current of busbar. 
 
 
 
FIGURE 28. Example simulation by ABB eDesign DOC. 
 
In other terms, the SCCR on the line side of feeder circuit breaker or fuse shall be the interrupting 
rating of the breaker if the following two conditions are fulfilled: 
 
1. The components on the load side of the circuit breaker or fuse have a SCCR equal to or 
higher than the peak let-through current of the feeder circuit breaker or fuse 
2. The branch protection devices have an interrupting rating equal or higher than the inter-
rupting rating of the circuit breaker or fuse in the feeder circuit. 
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FIGURE 29. SCCR set by Main switch. 
(Rockwell Automation, 2012, p. 16) 
If condition 1. is not fulfilled, the lowest SCCR any component on the load side of the circuit breaker 
shall be the SCCR for the entire circuit on the line side of the feeder circuit breaker (see Figure 29). 
 
If condition 2. is not fulfilled, the interrupting rating of the branch circuit protective device shall be 
the SCCR of the entire circuit on the line side of the feeder circuit breaker (see Figure 30).  
 
The peak let-through values of the Circuit Breaker need to be provided by the Circuit Breaker manu-
facturer. (Siemens, 2014, p. 8) 
 
 
If the assembly user or subscriber does not provide the prospective short-circuit currents at the 
place of installation the manufacturer uses its design principle for the assembly and provides 
technical documentation which announces the short-circuit endurance. However, the assembly 
should at least withstand short-circuit currents at input terminals according to Table 6. 
 
 
 
 
FIGURE 30. SCCR set by circuit breaker. 
(Rockwell Automation, 2012, p. 17)  
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TABLE 6. Short-circuit withstand recommended minimum values for voltage of 400V. (SFS Käsikirja 
154, 2005, p. 57)  
assembly rated current rated short-time withstand current  rated peak withstand current  
 In 
(prospective r.m.s. value of the 
short-circuit current) Icw 
(peak value of the prospective 
short-circuit current) Ipk  
 A kA  kA  
 ≤ 125  < 5  < 7,5  
 > 125 ≤  5  7,5  
 > 250 ≤  6,3  10,7  
 > 400 ≤  12,5  25  
 > 630 ≤  16  32  
 > 800 ≤  20  40  
 > 1000 ≤  25  52,5  
 > 1600 ≤  31,5  66,2  
 > 2000 ≤  40  84  
 > 2500 ≤  50  105  
 > 3150 ≤ according to manufacturer and user or subscriber agreement 
 
 
 
8.3.1 Relationship between peak current and short-time withstand current 
 
The short-circuit withstand current of a switchgear, stated as r.m.s. value Icw indicates the thermal 
stress. The peak value Ipk indicates the dynamic stress on the switchgear. 
 
“For determining the electrodynamic stresses, the value of peak current shall be obtained by multi-
plying the r.m.s. value of the short-circuit current by the factor n.” The values for the factor n and 
the corresponding power factor are given in Table 7 below. (IEC61439-1, 2009, p. 52) 
 
TABLE 7. Values for the factor n. (IEC61439-1, 2009, p. 85)  
 
 
 
 
8.3.2 Thermal effects of short-circuit on busbar 
 
Short-circuit currents cause the busbar temperature rise. The busbars final temperature must be 
lower than 160 °C so as not to damage the busbar support. The thermal constraints must be such 
that: (EEP, 2015, p. 122)  
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222 SKtI Esc ⋅≤⋅     (25) 
 
where 
Isc = r.m.s. short-circuit current in A 
t = short circuit duration (generally equal to protection device operating time). 
S = busbar section in mm2 
KE = coefficient given in Table 8 in relation to busbar temperature in normal operating conditions 
  (before short circuit). 
 
TABLE 8. Relation of busbar temperature in normal operating conditions. (EEP, 2015, p. 122) 
 
 
 
 
8.4 Short-circuit current rating with current-limiting circuit breaker 
 
The potential short-circuit withstand current after the prospective short-circuit current passes 
through a current-limiting circuit breaker can be attained from current-limitation curves provided by 
the manufacturer. 
 
Example:  
The prospective short-circuit current r.m.s. value is set to Ip = 35 kA 
 
The limitation curve in Figure 29 of a ABB Tmax T5 circuit breaker indicates a dynamic withstand 
current of Ipk = 30 kA. The same limitation curve shows that the thermal current or rated short-time 
withstand current Icw = 15 kA. 
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FIGURE 29. Limitation curve. (ABB, 2015, p. 164)  
 
The rated short-circuit current is 15 kA but in practice the circuit breaker works much earlier and the 
switchgear does not actually undergo such large thermal stress. From the let-through energy curves 
in Figure 30 can be obtained that the energy passing through the circuit breaker during 1 second of 
fault current is 3 ⋅ 106 A2s. From this value can the actual passing short-circuit current be calculated. 
In Figure 12 is shown the relation of the let-through energy and the short-circuit current over time. 
 
dtItI
t
s ∫=⋅
0
22
1  
sA1031 2621 ⋅=⋅ sI s        
262
1 A103 ⋅=sI  
kA73,1A103 261 =⋅=sI    (26) 
 
The circuit breaker limits the impact of the following installation to a short-circuit current during the 
time of 1 second to a value of 1,73 kA. As a result, at the switchgear nameplate can be following 
indicated Icw = 15 kA and Ipk = 30 kA. 
15 kA 35 kA 
30 kA 
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FIGURE 30. Let-through energy curve. (ABB, 2015, p. 154) 
 
 
8.5 Short-circuit current rating with current-limiting fuse 
 
The following example shows the decrease of short-circuit current achieved by current-limiting fuse. 
For current limitation a ABB OFAA 400 A fuse is used, which is feeding a sub distribution board as 
presented in Figure 34. 
 
Example: 
The rated short-time withstand current of main distribution board is set to Icw = 35 kA. The rated 
peak withstand current can be calculated by obtaining the value n from Table 7. 
 
kAkAInI cwpk 5,73351,2 =⋅=⋅=    (27) 
 
If a sub distribution board is protected by the ABB OFAA 400 A fuse resided in the main distribution 
board than it can be obtained from Figure 31 that the fuse limits the instantaneous peak current to 
a value of about 32 kA, which is the rated peak withstand current (Ipk) of the sub distribution board. 
The peak current without current limiting fuse can be calculated according to Equation 7 as well can 
the approximate attained from the graph in Figure 31.  
 
kAkAI s 27,7135244,1 =⋅⋅=    (28) 
Ip = 35 kA 
3 
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FIGURE 31. OFAA -fuses, current limitation. (ABB, 2010, p. 13)  
 
For fuses working within the rated breaking capacity and a breaking time less than 0,01 s are joule 
integral graphs available, which indicates the passing energy through a fuse. Figure 35 shows that 
the joule integral I2t of the 400 A OFAA is about 106 A2s for the time of 0,01 s. Equation 29 state the 
value for 1 s. 
 
sA10 261
2
1 =⋅ ss tI        
262
1 A10=sI       kA1A10 261 ==sI  (29) 
 
Figure 32 shows that the OFAA 400 A NH-fuse handles a 35 kA short-circuit current under 0,01 s 
time. Converting the obtained instantaneous peak short-circuit current of 35 kA into the value of 1 s 
according to Equation 5 leads to short-circuit current of 3,5 kA 
 
ssss tItI 01.0
2
1
2
1 ⋅=⋅       s01,0s1
22
1 ⋅=⋅ ss II  
kA5,301,0kA3501,01 =⋅=⋅= ss II   (30) 
 
 
 
 
 
Is = 32 kA 
Is = 71,27 kA 
Ip = 35 kA 
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FIGURE 32. OFAA -fuses, time-current characteristics. (ABB, 2010, p. 12) 
 
 
 
 
 
 
FIGURE 33. OFAA-fuses, I2t –values. (ABB, 2010, p. 14) 
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Based on the thermal withstand of the fuse, the I2t value for 1 s is 1 kA, which is considered to be 
the absolute the minimum value. From the fuse breaking time can be obtained a value of 3,5 kA, 
which is the maximum value. 
 
The switchgear rated short-circuit current Icf = 35 kA 
On the nameplate need to be indicated: Icf = 35 kA (fuse 400 A) and Icw ≤ 10 kA, lpk = 32 kA. 
 
 
FIGURE 34. Example circuit with current-limiting fuse. (SFS Käsikirja 154, 2005, p. 108)  
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9 SHORT-CIRCUIT CURRENT CALCULATION TOOLS 
 
Short-circuit calculation is a quite complex procedure, especially when the electrical network is di-
vided by many substation or the network is structured as a mesh network, which is often the case. 
Electrical network design software is a helpful tool to determine the short-circuit current in a particu-
lar point in the network. Some common design software tools are ABB eDesign DOC, Schneider 
Electric Ecodial and DIgSILENT PowerFactory. 
 
E Avenue Oy has been using mainly the ABB eDesign DOC program therefore this paper is concen-
trating on ABB eDesign DOC. ABB has a strong position in Finland and provides a good technical 
support. The use of ABB eDesign DOC is considerably easy and enables a fast definition of the net-
work short-circuit values and suitable protective equipment. E Avenue Oy has a wide range of ABB 
components in its storage, thus the choice of ABB eDesign DOC is natural. 
 
“ABB eDesign DOC is the ABB SACE program for drawing and calculating single-line diagrams of low 
and medium voltage electrical plants, for selecting the switching and protection devices and for veri-
fying coordination of the protections.” (ABB, 2015, p. 6) 
 
The main functionalities of the program are: 
• Drawing single-line electric diagrams. 
• Drawing the key diagram of the auxiliary circuits. 
• Calculating line current and voltage drops. 
• Calculating short-circuit currents. 
• Dimensioning low and medium voltage cables. 
• Dimensioning switching and protection devices. 
• Calculating the temperature rise in ABB modular switchboards. 
• Setting and coordinating protection devices. 
• Verifying cable protection. 
• Printing single-line diagrams and project documentation (ABB, 2015, p. 6) 
 
The program can calculate electric networks with the following characteristics: 
• Medium voltage: Vn ≤ 36kV 50/60Hz 
 State of the neutral: Insulated / Compensated 
• Low voltage: Vn ≤ 1kV 50/60Hz 
Three-phase power supplies with and without neutral, two-phase 
and single-phase Distribution system: TT – TN-S – TN-C – IT (ABB, 
2015, p. 6)  
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10 EXAMPLE PROJECT ANALYSIS 
 
The project, which is to be analysed, is from interest because there are actually different demands 
of the short-circuit withstand current capability by the customer as actually necessary. The network 
is only part of a lager project. The actual interest is concentrated to the one particular switchgear 
and the calculations are done until this point. Appendix 1 shows the partial network, framed in red, 
which is to be analysed. The same network is depictured in a simplified form in Figure 35. The 
switchgears of interest are named RKA-L6.1 and RKB-L6.1 (marked blue). The Figure 35 shows that 
the network is made up from two network parts. Since the two parts are the same, the calculations 
are done only for the left part until switchgear RKA-L6.1. The busbar between the two network parts 
is only used to feed the other network in case there is no possibility to feed the particular part by 
either the transformer or the generator. As seen from the main diagram in Appendix 3 the rated 
short-time withstand current Icw = 50 kA and the rated peak withstand current Ipk = 100 kA set by 
the customer are exceptionally high for a switchgear with a rated current of 125 A. The actual val-
ues are seen in Appendix 2 with Icw = 1,7 kA and Ipk = 17 kA. It is to be noticed that additional the 
rated conditional short-circuit current of the assembly (Icc) is stated with 50 kA. 
 
 
FIGURE 35. Analysed network. 
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10.1 Calculations for the short-circuit currents 
 
Calculations for the short-circuit currents are done “by hand” using the composition method and 
then compared with the values calculated by ABB eDesign DOC.  
 
To select the protecting circuit breaker for the main distribution board, the rated current at feeding 
point is needed. The transformers’ rated current on the secondary side can be obtained from tables 
like the Table 2 as well can the short-circuit current. If such table is not available, the rated current 
can be calculated, with the given values for the 10 kV / 0,4 kV transformer are: SN =2000 kVA, zk = 
6%, as follow: 
 
A75,2886
V4003
kVA2000
3 2
=
⋅
=
⋅
=
N
N
N U
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I   (31) 
 
Omitting the attenuation from the busbar trunking system, the value above is the rated current and 
as seen in Figure 35 the main circuit breaker is designed to handles a current of 3150 A. 
 
The short-circuit current is calculated as follow: 
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I    (32) 
 
Alternatively, the short-circuit current can be calculated through the transformer short-circuit power. 
 
MVA33,33
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z
SS    (33) 
 
The short-circuit power is needed when combining different parts of the network like described in 
chapter 5.4. The short-circuit of the transformer than is slightly higher since the voltage factor ac-
cording to Table 1 will be applied when using the composition method: 
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The peak short-circuit is then calculated according to Equation 7 
 
kA87,102kA51,50244,1 =⋅⋅=pI    (35) 
 
Next step is to calculate the attenuation of short-circuit current caused by the busbar trunking sys-
tem. The needed data for the busbar is given by the table shown in Appendix 4. Values obtained 
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from the table are 0,0000202 Ω/m for the resistance and 0,0000277 Ω/m for the reactance. Assum-
ing that the busbar is 8 m long the impedance is then calculated as follow. 
 
busbusbus XjlRlZ ⋅⋅+⋅=  
m/0000277,0m8m/0000202,0m8 Ω⋅⋅+Ω⋅= jZbus  
Ω°∠= 9,530002743,0busZ    (36) 
 
The busbar short-circuit power is then 
 
( ) MVA583
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kbus Z
US   (37) 
 
The sum of the two short-circuit power is according to Equation 16 
 
MVA53,31
MVA583
1
MVA33,33
1111
=+=+=
kbuskTk SSS
 (38) 
 
The following calculation leads to the available the r.m.s. value of the short-circuit current at feeding 
point of switchgear VV-PKA. 
 
kA79,47
V4003
MVA53,3105,1
3 2
"
=
⋅
⋅
=
⋅
⋅
=
N
k
k U
Sc
I   (39) 
 
The peak short-circuit is then 
 
kA31,97kA79,47244,1 =⋅⋅=pI    (40) 
 
The calculation can be continued for the switchgear RKA-L6.1. The feeding cable, MCMK 4X95/50, 
has a resistance of 0,193 Ω/km and inductance of 0,21 mH/km according to Appendix 5. The length 
is to be assumed 5 m. For the calculation of the impedance the values for resistance and reactance 
are needed. The reactance is calculated from the inductance in relation to the network frequency, 
which is 50 Hz. 
 
Ω/km0,066H/km00021,0Hz5022 =⋅⋅⋅== pipifLX   (41) 
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Now the impedance of the cable can be calculated 
 
cablecablecable XjlRlZ ⋅⋅+⋅=  
km/066,0km005,0km/193,0km005,0 Ω⋅⋅+Ω⋅= jZcable  
Ω°∠= 88,1800102,0cableZ    (42) 
 
The MCMK 4x95/50 cable short-circuit power is then 
 
( ) MVA86,156
00102,0
V400 222
=
Ω
==
cable
N
kbus Z
US   (43) 
 
The sum of the short-circuit power is 
 
MVA25,26
MVA86,156
1
MVA583
1
MVA33,33
11111
=++=++=
kcablekbuskTk SSSS
(44) 
 
The available the r.m.s. value of the short-circuit current at the feeding point of switchgear RKA-
L6.1 is then 
 
kA78,39
V4003
MVA25,2605,1
3
"
=
⋅
⋅
=
⋅
=
n
k
k U
Sc
I   (45) 
 
The peak short-circuit is then calculated according to Equation 7 
 
kA02,81kA78,39244,1 =⋅⋅=pI    (46) 
 
Calculations done by ABB eDesign DOC shown in Appendix 6, with 26,68 kA, are considerable lower 
than the result above. The reason is that the short-circuit current of the transformer is stated lower 
and different values for the busbar trunking system and cable are applied. 
 
 
10.2 Determination of SCCR 
 
Regardless of whether the calculations are done conventionally or with ABB eDesign DOC the result-
ing short-circuit current at the feeding point of the sub distribution board is still much higher as the 
actually needed withstand current. Therefore, the approach to get the right withstand current rating 
or SCCR has to be another. 
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Since the rated current for the switchgear is known the protection devise, whether it is a circuit 
breaker of a fuse can be selected accordingly. In this example the protection on the switchboard is 
achieved by a ABB OFAA 125 A fuse (see Appendix 2). As already explained in chapter 8.5, knowing 
the short-circuit current at feeding side of the fuse it is possible with the help fuse current-limitation 
chart to find the short-circuit current the fuse is actually letting through. Using the demanded short-
circuit current value of 50 kA it can be obtained from Figure 36 that the 125 A OFAA fuse limits the 
maximum instantaneous peak current to value of 17 kA. It can be also seen that the available peak 
short-circuit current, meaning the peak current without the fuse is 100 kA. 
 
 
FIGURE 36. Fuse current limitation. (ABB, 2010, p. 13) 
 
Figure 32 shows that the ABB OFAA 125 fuse handles a 50 kA short-circuit current under 0,01 s 
time. Converting the obtained instantaneous peak short-circuit current of 17 kA into the value of 1 s 
according to Equation 5 leads to short-circuit current of 1,7 kA 
 
kAkAII ps 7,101,01701,01 =⋅=⋅=   (47) 
 
Figure 35 shows that the joule integral I2t of the 125 A fuse is about 7 x 104 A2s for the time of 0,01 
s. Equation 48 state the value for 1 s. 
 
Is = 17 kA 
Ip = 50 kA 
Is = 100 kA 
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dtItI
t
s ∫=⋅
0
22
1         A58,264A107
24
1 =⋅=sI   (48) 
 
As a result, the switchgear can be designed so that it has a rated short-time withstand current of  
Icw ≤ 10 kA and a rated peak withstand current of Ipk = 17 kA.  
 
Based on the thermal withstand of the fuse, the I2t value for 1 s is 265 A, which is considered to be 
the absolute the minimum value because if the short-circuit current is lower, the fuse clearing time 
is longer than 1 ⁄2 cycle of the prospective peak short-circuit current (see Figure 11) and the fuse 
would not limit the current. From the fuse breaking time can be obtained a value of 1,7 kA, which is 
the maximum value. 
 
Since the protecting 125 A fuse resided in the main board limits the let-through current to a value of 
1,7 kA for the duration of 1 s the sub board is well protected. On the nameplate (FIGURE 37) has to 
be indicated the rated conditional short-circuit current Icc = 50 kA, which is equal to the prospective 
r.m.s. value of short-circuit current Ip = 50 kA. This complies with the standard IEC61439-1 as 
mentioned in chapter 3.2.6. 
 
As a result the sub distribution board has a witstand current rating of Icw ≤ 10 kA since all the 
components inside can withstand a short-ciruit current of 10 kA. On the nameplate need to be indi-
cated: Icf = 50 kA (fuse 125 A) and Icw ≤ 10 kA, lpk = 17 kA. 
 
 
 
FIGURE 37. Nameplate. (E Avenue Oy, 2015) 
 
  
          
         65 (75) 
11 CONCLUSION 
 
The subject of this thesis was to investigate the short-circuit currents in an electrical network, its 
cause and emergence. The magnitude is determined by calculations and with the help of network 
calculations programs such as the introduced ABB eDesign DOC. The impact of short-circuit cur-
rents, which are often have a magnitude of several thousand amperes, on switchgears can cause 
hazard to humans and severe damages to the components inside the switchgear. The consequences 
can be of enormous economical distress because of expensive replacement for damaged parts and 
downtimes in production since industrial switchgears distribute electrical energy to the machineries. 
Therefore, it is important to know precisely the potential short-circuit current magnitude when de-
signing switchgears in a safe and economical way. Different methods of current-limiting are de-
scribed and the use of protective devices together with their coordinations through selectivity and 
back-up protection. 
 
The thesis studied the short-circuit currents in theory with practical examples. As it turned out the 
determination of a short-circuit withstand current or SCCR is not that simple especially when the 
installation deals with high rated currents above 3000 A. Until that value tables such as TABLE 6 in 
chapter 8.3 are available to find the right short-circuit withstand current. Determine the right SCCR 
for sub distribution switchgears is often a problem, since the attenuating effect of the protecting 
devices in the main board is not taken into account by calculation software. 
 
To find an optimised way to determine the SCCR of a switchgear, a combination of different meth-
ods is required. Network calculation software is a fast and simple way to find out the short-circuit 
current at the feeding point of a mainboard. Based on these figures the protective device is to be 
chosen. Then the actual potential short-circuit current, which passes through the protective device is 
taken into account for setting the short-circuit withstand current of the following sub distribution 
board. Manufactures provide detailed information about switching time and current-limiting, such as 
let-through curves introduced in chapter 8.4 and 8.5. Additional and more precise protection can be 
achieved by cascading protective devises or using the back-up protection. 
 
The fact is that that simple software or spreadsheet tables are not available to determine the short-
circuit withstand current of switchgears. Each switchgear has to be individually designed by taking 
the SCCR of selected components into account. 
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APPENDIX 1: ANALYZED NETWORK (E AVENUE OY, 2015) 
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APPENDIX 2: SWITCHGEAR RKA-L6.1 DESIGN (E AVENUE OY, 2015) 
 
  
          
         71 (75) 
APPENDIX 3: SWITCHGEAR RKA-L6.1 CUSTOMER WTHSTAND DEMANDS (E AVENUE OY, 2015) 
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APPENDIX 4: BUSBAR DATASHEET (EATON, 2013, P. 113)  
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APPENDIX 5: MCMKA 4X95/50 CABLE DATASHEET (NEXANS, 2016) 
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APPENDIX 6: EXAMPLE NETWORK WITH ABB EDESIGN DOC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
